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For the condition of equilibrium pi — p^ and therefore from equation 
(1) it is dear that 

(£ri-fl,)a«+Mi5^ = (fl2-flx)5«+M,«« (2) 

From equation (2) it follows, by cancellation and rearrangement of terms, 
that fli-fl2=-(Mi-M,)^ (3) 

Equation (3) expresses the fact that under conditions of equilibrium the 
contour lines (lines of equal elevation) on the surface of the water must 
coincide in shape with the isobars (Unes of equal barometric pressure at the 
surface of the water), that increasing elevations from contour to contour 
must correspond to decreasing barometric pressures from isobar to isobar, 
and that a unit interval between contours must correspond to an interval of 

— between isobars. 

The elevation of the water surface on the Great Lakes is ordinarily ex- 
pressed in feet above mean sea-level. Hi — H2 is therefore most conveniently 
expressed in feet. The barometric pressures are usually expressed by the 
U. S. Weather Bureau in inches of mercury at O^C, and were so recorded on 
the forecast maps used in this investigation. The density of mercury at 
0®C. = 13.6. The water concerned in equation (3) is the surface water of 
the lakes, of which the temperature will seldom be outside the limits 32**F. = 
O^'C. and SO^'F. =27'*C. Therefore the density of this water will seldom be 
outside the extreme limits 1.000, at 39''F. =4'*C. and 0.997, at SO^'F. =27''C. 
With sufficient accuracy for the present purpose the density of the water 

may be assumed to be constant at 1.00, and — may therefore be assumed 

St. 
to be constant at 13.6. 

For convenience, recognizing the units ordinarily used for elevations and 

for barometric pressures, equation (3) may now be rewritten thus 

i?i-ff2= -(Mi-Jlf2)(13.6)(TV) = -(Mi-M,)(1.13) (4) 

Note that the division by 12 in the second member of the equation is to 
take into account the fact that the Af 's are expressed in inches whereas the 
fl's are expressed in feet. 

The upper part of plate 1 shows the isobars over Lake Erie and vicinity as 
obtained from the forecast map of the U. S. Weather Bureau as used at the 
Chicago office of the Bureau for 8 p.m. on August 5, 1910. Note that the 
interval between isobars is 0.01 inch, that the isobars are nearly straight 
across Lake Erie, and that the barometric gradient is downward to the 
northeastward over Lake Erie. 

The middle part of plate 1 shows the contours of the surface of the water on 
Lake Erie at 8 p.m. on August 6, 1910, in accordance with equation (4). 
These contours would have existed if no wind had been blowing at that time 
and if the water of Lake Erie had been in equilibrium at that time imder the 
influence of gravity and barometric pressure. Note that an arbitrary zero 
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The well-known condition which locates the so-called center of gravity of 
an area is that the integral over the whole area / lAA is zero with L reck- 
oned from any Une through the center of gravity. Hence, it is clear that 
the nodal line under assumption No. 1 of isobars which are straight and uni- 
formly spaced is a line parallel to the isobars passing through the center of 
gravity of the area of the lake surface. 

The position of the center of gravity of the area of Lake Erie is indicated 
in the lower part of plate 1 by the circle labeled "C. G. of lake area." It is 
634,000 feet west and 276,000 feet south of the Buffalo gage station. Its 
latitude is 42"* 07' and its longitude is 81'' 13'. 

For all conditions of equilibrium imder the influence of gravity and baro- 
metric pressures, under the restrictions of assumption No. 1, the elevation of 
the lake surface at the center of gravity remains unchanged. 

Let He be this fixed elevation of the water surface at center of gravity — 
that is, fixed and unchangeable in so far as changes of barometric pressure 
limited by assumption No. 1 are concerned. Let Mc be the barometric 
pressure on the surface of the water at the center of gravity. Then equation 
(4) may be rewritten thus: 

£?i = £ri-ffc= -(Mi-ilf,)(1.13) (7) 

in which Ei is the barometric effect, under the specific conditions, on the 
elevation of the water surface at the point 1. 

For convenience in computation it is now proposed to express Hi— He in 
terms of slopes of the water surface measured along parallels and meridians 
and to express Mi—Mc similarly in terms of barometric gradients measured 
along parallels and meridians. 

The barometric gradient between two points is the difference in barometric 
pressures at the two points divided by the distance between the points. 

Let the barometric gradient along a parallel be caUed the '*W-E gra- 
dient," and let it be called positive when the barometric pressure increases 
to the westward. Similarly, let the barometric gradient along a meridian 
be called the "JV-S gradient," and let it be called positive when the baro- 
metric pressure increases to the northward. 

Let the co-ordinates of point 1 measured from the center of gravity of the 
lake along parallels and meridians be L^, along a parallel and Ln along a 
meridian as indicated on the lower part of plate 1. Let L„ be considered 
positive to the eastward and L^ positive to the southward. 

Then, keeping in mind that under assumption No. 1 the isobars are 
straight and equally spaced, 

Mi-M,= -(T7-S gradient) (U)-(N-S gradient)(LJ (8) 

Similarly, 

Hi-Hc^" ( W-E slope) (L^) - (N-S slope) (L J (9) 

in which the slope of the water surface along a parallel is called the ''W-E 
dope," positive when it is upward to the westward, and the slope of the 



BAROMETRIC PRESSURES ON THE GREAT LAKES 



15 



water surface along a meridian is called the " N-S slope, " positive when it is 
upward to the northward. Equation (9) is true, because the water surface 
under assumption No. 1 is an inclined plane. 

By substitution in equation (7) of the values of Mi—Mc and of Hi—Hc 
from equations (8) and (9) there is obtained 

£i= -(W-E slope)(LJ-(N-« slope) (L J 

= +(W-E gradient)(LJ(1.13)+(N-S gradient) (LJ (1.13) (10) 

Or, dropping out the middle part of (10), which is no longer necessary after 
the conceptions are grasped 

^i= + (W-E gradient)(LJ(1.13)+(N-S gradient)(LJ(1.13) (11) 
EXPRESSION OF BAROMETRIC GRADIENTS. 

From a study of the forecast maps and of the general conditions of the 
problem, it was decided that the best feasible way to secure satisfactory 
values for the W-E gradient and the N-S gradient for each of the Great 
Lakes at the many times for which they were needed was as follows: 

(1) Eleven points were selected for which 
readings were to be taken from the forecast 
maps to cover all of the Great Lakes region. 
The six of these points used in connection with 
Lake Erie and Lake Michigan-Huron, known 
as points 3, 4, 5, 6, 7, and 8, are shown on the 
sketch on the lower half of plate 2. Their exact 
locations are shown in the adjoining table: 

(2) The values of the barometric pressure 
were read directly from the forecast maps for 

8 a.m. and 8 p.m. (75th meridian time) of each day and tabulated in con- 
venient form. 

(3) Let " (6-8) '' stand for the barometric pressure at point 6 minus the 
barometric pressure at point 8 for a given time. Let '^ (distance 6 to 8) '' 
stand for the distance from point 6 to point 8. Note, that points 6 and 8 
are on the same parallel, that they are both in the latitude of Lake Erie, 
point 6 to the westward and point 8 to the eastward. The (W-E gradient) 
for Lake Erie was then taken as 

(6-8) 



Point. 


Lat. 


Long. 


3 


47r 


85' 


4 


45 


87i 


5 


45 


80 


6 


42J 


85 


7 


40 


80 


8 


42i 


77i 



(distance 6 to 8) 

(4) Similarly, the (N-S gradient) for Lake Erie was taken as 

• (5-7) 

(distance 5 to 7) 

(5) For Lake Michigan-Huron, the (W-E gradient) was taken as 

(4-5) 
(distance 4 to 5) 



(12) 



(13) 



(14) 
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and the (N-S gradient) was taken as 

(3-6) 



(15) 



(distance 3 to 6) 

The procedure outlined above involves assumption No. 2, which is stated 
in the following paragraph: 

Assumption No. 2. 

It is assumed that the barometric gradients at any time on any lake along 
parallels and meridians are the same as the barometric gradients derived, as 
indicated above, from readings taken from the forecast maps at the selected 
points 3, 4, 5, 6, 7, and 8, which he on meridians and parallels through the 
lakes. 

It is believed that this assumption is only a fairly good approximation, 
that the barometric gradients over the shorter distances limited by the lake 
surface vary through a larger range than the gradients over the longer dis- 
tances between the reading points used on the forecast maps, and that the 
variations of barometric gradients over the shorter and longer distances may 
not be in step — that is, one may in general be ahead of the other. It is be- 
lieved, however, that the errors in assumption No. 2 are largely canceled out 
in so far as the final values of the computed barometric effects are concerned. 
This cancellation is believed to be affected in part by the device of introduc- 
ing the proportionality factors P^ and P^ into the derivation of the observar 
tion equations as indicated later, and in part by the process of deducing, from 
the results of the least-square computations, the lag of barometric effects 
behind the changes in barometric gradients. 

For Lake Erie the expression for Ei, the barometric effect at any point 1 
on that lake, as shown in equation (11), may now be rewritten as follows by 
means of expressions (12) and (13) : 

Ei=+(6-8)f ^ Vl.l3)+(5-7)f- ^ )(1.13) 

\distance 6 to 8/ \distance 5 to 7/ 

= + (6-8)5,+ (5^7)5, (16) 

in which 

B„= L13A^_ and K ^^^^^2 (17) 

distance 6 to 8 distance 5 to 7 

Ry, and R^, are constants for any given point on Lake Erie. They differ for 
different points but do not change with the lapse of time. / 

PROPORTIONALITY FACTORS FOR BAROMETRIC EFFECTS. 

Equation (16) expressed the barometric effect on the elevation of the 
water surface at any given point 1 on Lake Erie provided the water always 
remained in equilibrium under the influence of gravity and barometric 
pressure. The general conception thus far set forth, and including assump- 
tion No. 1, is that the barometric pressures over Lake Erie are continually 
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changing but always in such manner that the isobars over the lake are 
straight and uniformly spaced, and that the fluctuations in the elevations of 
different parts of the water surface take place at once in such a manner that 
the water is always in equilibrium. 

It is obvious that the effects of friction and of inertia will tend to modify 
the response of the water to changing barometric pressures. 

Friction will tend in general to reduce the range of fluctuation of water 
surface and to produce a lag of the response behind the barometric changes 
which produce it. 

Inertia will tend to produce an initial lag in the response of the water 
surface to any change in the barometric pressure. But when the water has 
once started from one part of the lake toward another, as the water surface 
is approaching a new condition of equilibrium after some relatively sudden 
change of barometric gradients, inertia will tend to carry the water past the 
position of equilibrium and thereby to make the fluctuations of elevation of 
the water surface greater than those corresponding to continuous equilibrium. 

If friction is relatively large, so that all motions of the water produced by 
inertia, all free oscillations, are quickly damped out, the fluctuations in the 
elevation of the water surface at any point would tend to be considerably 
less in range than those which would be computed from equation (16). On 
the other hand, if friction is relatively ineffective in damping out free oscilla- 
tions of the water of the lake under the influence of inertia, and if the natural 
periods of oscillation of the lake happen to bear certain relations to the 
periods of change in the barometric gradients, the actual fluctuations in the 
elevation of the water surface at a point might largely exceed those com- 
puted from equation (16). 

Hence, aside from providing later for an assumed lag to be determined by 
the observations themselves, through the least-square solution, it is also 
advisable to introduce into equation (16) proportionality factors P^ and P„, 
to be determined from the observations. 

Hence, equation (16) is now rewritten thus for Lake Erie: 

Bi = + (6-8)B«^«,H- (5-7)flnP» = + (6-8)C„+ (5-7)Cn (18) 

in which P„ and P^ are proportionality factors not necessarily assumed to 
be equal, and C„ = fi^„ and C„=i?.P, (19) 

It is desirable to note that the proportionality factors P^ and P^, to be 
derived from the observations, tend to take into account several effects: (1) 
certain effects arising from friction and free oscillations just referred to; (2) 
errors of certain kinds in assumption No. 2, to which attention has already 
been called (on page 16). There may also be some tendency for the wave 
produced by barometric influences to be modified by the configuration of 
the shores and bottom as it progresses in such wise that the wave may be 
accentuated or modified and given a larger, or possibly smaller, range at the 
gage station than it otherwise would have. This will also be taken into 
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account (in part at least) by the proportionality factors P^ and Pn, derived 
separately from the observations at each gage station. The accentuation or 
modification here referred to is that peculiar to the particular locality at and 
near the gage station, and which is likely to exist in addition to the general 
accentuation or modification of the wave considered as one unit for a whole 
lake. 

FORM OF OBSERVATION EQUATIONS FOR BAROMETRIC 

EFFECTS. 

It is desirable to express the relation between the mean barometric effects 
at any point on Lake Erie on two successive days, on the one hand, and the 
barometric difference (6-8) and (5-7), see pages 15-16, on the other hand. 
The development of the corresponding expression for Lake Michigan-Huron 
will be given later. 

It is proposed to write one observation equation for each day. The day 
to which the equation is credited will be called the current day and the next 
earlier day will be called the preceding day. Each equation is to express 
the change in the barometric effect from the preceding to the current day. 

Let it be assumed that between 8 a.m. and 8 p.m. of the preceding day 
(6-8) increased by an amount — &», = (6-8) at 8 p.m. minus (6-8) at 8 a.m., 
at a uniform rate, and that no other changes in barometric gradients occurred 
in the two days. 

From equation (18), on the assumptions stated and assuming that there is 
no lag, the increase in the elevation of the water surface at the gage station 
will be at a uniform rate from 8 a.m. to 8 p.m. and the total rise will be 
h^C^. The variation in elevation of water surface at the gage will be ex- 
pressed by the line marked "Bl No Lag" on plate 3. Counting from the 
dotted zero line indicated on the drawing, the elevation of the water will be 
zero during the 8 hours from midnight to 8 a.m. on the preceding day, and 
will vary from zero to b^C^o during the 12 hours from 8 a.m. to 8 p.m. with a 
mean elevation of 0.6 h^C^ during that 12 hours. The elevation of the 
water surface will remain b^C^ during the last 4 hours of the preceding day 
and throughout all of the 24 hours of the current day. 

With reference to the dotted line the mean elevation of the water surface 
on the preceding day will therefore be 

(0.5fe^CJ(12)+(6^CJ4 _10^ ^ 

24 24 "" *" 

and on the current day will be b^C^. 

Hence, the increase in mean elevation for the current day over the mean 
elevation for the preceding day will be 

by^Cyg " 5T*«i^«* = ^ ^«^^» = ^mBwi (20) 

^^^^'^ B«=^C. (21) 
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Similarly, the line marked '*Bt No Lag" in plate 3 represents the variation 
in the elevation of the water surface which will occur if (6-8) increases by 
an amount — 6^, at a uniform rate from 8 p.m. of the preceding day to 8 a.m. 
of the current day. By the same process of reasoning which was used above 
in connection with 6«,, it may be shown that the increase in mean elevation 
for the current day over the mean elevation for the preceding day will be 

— 6«,C«-— 6«C^= —by^C^^b^^ (22) 

2424 24 

in which 

90 7 
B^=f5Llc (23) 

24 

So, too, the line marked ''Bs No Lag'' on plate 3 represents the variation 
in elevation if (6-8) increases by an amount —b^aisk uniform rate from 8 
a.m. of the current day to 8 p.m. of the current day. In this case the 
increase in the mean elevation for the current day over the mean elevation 
for the preceding day will be 

^6^C, = 6^« (24) 

24 

in which 

B^^—C^ (25) 

24 

The line marked '* Bo No Lag" on plate 3 represents the variation in eleva- 
tion if (6-8) increases an amount —6^ at a uniform rate from 8 p.m. of the 
day before the preceding day to 8 a.m. of the preceding day. In this case 
the increase in the mean elevation for the current day over the mean eleva- 
tion for the preceding day will be 

« 

U6«C„=6„B« (26) 

/4 
in which 

Bu,= |jC, (27) 

Note that B^, B^, £«,, and B^ (see equations 27, 21, 23, and 25) are 
all constants to be derived from the least-square computation. Each one 
involves the proportionality factor P^ and other values which are different 
at different stations but do not vary with the lapse of time. Consult equa- 
tions (19) and (17). 

Normally, (6-8) is found to be different at each of the successive epochs 
8 a.m. and 8 p.m. at which the barometric pressures are determined from 
the forecast maps. Hence, on the assumptions which have been stated, the 
total decrease, due to this cause, in the mean elevation of the current day 
over the mean elevation for the preceding day will be 

bwfiw.-^' fcwi^t«+ &i»iBu»i+ byJB^ (28) 
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Let the corresponding notation with reference to barometric .gradients 
along the meridian be used. That is, let &«•> Kv &ni> and 6ni be the amounts 
by which (6-7) decreases in each of the several 12-hour periods which were 
specified in connection with 6^, b^j by,^y and b^, respectively; and let B„., 
Bnit Bntf and B^^ have meanings corresponding to those already specified for 
BfBtf B^, B^f and B«^, respectively. By the same reasoning which was used 
in connection with barometric gradients along parallels, it may be shown that 
the decrease, due to change in barometric gradients along meridians, in the 
mean elevation of the current day over the mean elevation of the preceding 

day wiU be 6«B«+6„.B„.+6«B«.+6„B« (29) 

On the assumptions thus far stated, the form of each observation equation, 
one for each day, is as follows: 

b,c.B^+b^B^+b^^+bJB^+b^^+bn,Bn,+bn^^+bn,B^+I=^V (30) 

In equation (30), I is the observed rise in the elevation of the water sur- 
face at the gage station — that is, the mean observed elevation for the current 
day minus the mean observed elevation for the preceding day. The second 
member of the equation is a residual, v, which is the discrepancy between 
theory and observation for the particular day. The least-square solu- 
tion serves to determine the most probable values for the unknowns B^, 
•Btci • • • Bn^y Bn^. These values are the ones which will make the sum 
of the squares of the system of residuals, v, a minimum. 

Note that jB^, £«,••• ^ih> ^m l^ave values in terms of C„, and C^ which 
are tabulated in the third line of table No. 1 (page 21) as derived from equa- 
tions (27), (21), (23), and (25). When these values of B«^, B^ . . . B^^, 
Bn. have been determined by the least-square solution, it will then be pos- 
•sible to compute C«, and Cn* 

LAG IN BAROMETRIC EFFECTS. 

Thus far, in fixing the form of the observation equations (30), it has been 
assumed that there is no lag in the response of the water to barometric 
changes. 

Let it be assumed that the response occurs with a lag which is to be deter- 
mined from the observations. The observation equations will remain as 
before, as shown in (30), but certain modifications, which are about to be 
indicated, will be necessary in interpreting the equations and in interpreting 
the derived values of B^^, J?„^, . . . Bmt 5n«- 

Let it be assumed for a moment that the response of the water siuf ace to 
barometric changes lags 4 hours behind such changes. Then the responses 
of the water surface are properly represented on the same basis as before by 
the Unes marked "Bi, 4'Lag," ''B2, 4'Lag,'' "B,, 4''Lag," and '^JSo, 4'Lag'' 
on plate 3. 

Consider in detail the first of these cases. It is assumed in this case that 
between 8 a.m. and 8 p.m. of the preceding day (6-8) increased by an amount 
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— 6«^ = (6-8) at 8 p.m. minus (6-8) at 8 a.m., at a uniform rate, that no 
other changes in barometric gradients occurred in the two days, and that 
the lag of the change in the water surface behind the barometric change is 
4 hours. The increase in the elevation of the water surface at the gage 
station will be at a uniform rate from noon to midnight. The total rise 
will be 6«^C„. The rise is properly shown in the line on plate 3 marked " Bi, 
4*Lag." Coimting from the dotted zero line indicated on the drawing, the 
elevation of the water will be zero during the 12 hours from midnight to 
noon of the preceding day and will vary from zero to h^^Cy, during the 12 
hours from noon to midnight on the preceding day, with a mean elevation of 
0.5 byJJy, during that 12 hours. The elevation of the water surface will 
remain h^C^ throughout all of the 24 hours of the current day. With 
reference to the dotted line, the mean elevation of the water surface on the 
preceding day will therefore be 

(0.5 6^CJ12 _ 6, ^ 
24 24^"^^ 

and on the current day will be h^C^. Hence, the increase in mean elevation 
of the current day over the preceding day will be 



in which 



byvfiw — — 6«,C^ = —bvnCy, = b^B 
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Wl 



(31) 



(32) 



Table No. 1. 



Anticipation, or negative lag, 2 hours . . 
Anticipation, or negative lag, 1 hour . . . 

No lag 

Lag, 1 hour 

Lag, 2 hours 

Lag, 3 hours 

Lag, 4 hours 

Lag, 5 hours 

Lag, 6 hours 

Lag, 7 hours 

Lag, 8 hours 

Lag, 9 hours 

Lag, 10 hours 

Lag, 11 hours 

Lag, 12 hours 

Lag, 13 hours 

Lag, 14 hours 

Lag, 15 hours 

Lag, 16 hours 

Lag, 17 hours 



But or Bnt 


Bwi OT Bm 


Bwt or Bnt 


BwtOT Bnt 


1.5 


12.0 


21.0 


12.0 


2.0 


13.0 


20.9 


11.0 


2.7 


14.0 


20.7 


10.0 


3.4 


15.0 


20.2 


9.0 


4.2 


16.0 


19.6 


8.0 


5.1 


17.0 


18.9 


7.0 


6.0 


18.0 


18.0 


6.0 


7.0 


18.9 


17.0 


6.1 


8.0 


19.6 


16.0 


4.2 


9.0 


20.2 


15.0 


3.4 


10.0 


20.6 


14.0 


2.7 


11.0 


20.9 


13.0 


2.1 


12.0 


21.0 


12.0 


1.5 


13.0 


21.0 


11.0 


1.0 


14.0 


20.7 


10.0 


.7 


15.0 


20.3 


9.0 


.4 


16.0 


19.7 


8.0 


.2 


17.0 


19.0 


7.0 


.0 


18.0 


18.0 


6.0 


.0 


18.9 


17.0 


5.1 
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Similarly, by following through the reasoning corresponding to lines ''Bi^ 
4^Lag," "Bt, 4*Lag," and "Bo, 4*'Lag" on plate 3 it may be shown that 






(33) 



(34) 



(35) 



when the lag is 4 hours. 

The various values of £„,, B^f . . . corresponding to a lag of 4 hours 
are shown in the seventh line of table No. 1. 

The tabular values are B^ or B^, etc., in terms of C„ or C^ expressed in 
units of -^ C„ or -^ Cn- 

The various lines in table No. 1, for various assumed values of the lag, 
have each been computed by the method illustrated by the examples which 
have been given. 

Table No. 1 makes it clear that the values of B^, B^i, . . . B^^^ B„^ 
depend upon the actual lags and upon the actual values of C^ and C^. If 
observation equations of the form shown in (30) are used and the values of 
Bv$f By^y . . . Bnt, B^ are derived from the leastnsquare solution, the lag 
may be determined from these values by the use of table No. 2, which has 



Table No. 2. 



Anticipation, or negative lag, 2 hours 
Anticipation, or negative lag, 1 hour. 

No lag 

Lag, 1 hour 

Lag, 2 hours 

Lag, 3 hours 

Lag, 4 hours 

Lag, 5 hours 

Lag, 6 hours 

Lag, 7 hours 

Lag, 8 hours 

Lag, 9 hours 

Lag, 10 hours 

Lag, 11 hours 

Lag, 12 hours 

Lag, 13 hours 

Lag, 14 hours 

Lag, 15 hours 

Lag, 16 hours 

Lag, 17 hours 



Bvi Bnt 
Bwi Bnt 



1.76 

1.61 

1.48 

1.35 

1.22 

1.11 

1.00 

.90 

.82 

.74 

.68 

.62 

.57 

.52 

.48 

.44 

.41 

.37 

.33 

.30 



Bw9 Bn% 
Bw9 Bnt 



8.00 

5.50 

3.70 

2.65 

1.90 

1.37 

1.00 

.73 

.52 

.38 

.27 

.19 

.12 

.08 

.05 

.03 

.01 

.00 

.00 
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been computed directly from table No. } by simple division. For example, 
for no lag the values of B^ and By^ from table No. 1 are — '— and — '— • 

B 20 7\ 

Hence, in table No. 2, — ^ for no lag is shown as 1.48 (= — '— ). 

B^ * 14 / 

Two values of the lag may be determined from table No. 2, one from the 

B B B B 

ratio — ^ or — ^ and the other from the ratio -^ or — ^. The discrepancy 

By^ Bn^ B^ £„, 

between the two values serves as a test of the degree of accuracy with which 
the lag is determined by taking the mean of the two values. 

VALUES OF C« AND C». 

In table No. 1 it may be noted that each of the following equations is 
either exactly or nearly true: 

Bto^+By^^Cu, (36) 

B^+B^ = C^ (37) 

B^+B^ = C^ (38) 

J5«.+Bn. = Cn (39) 

If table No. 2 shows equations (36) to (39) to be true for the particular 
ease under consideration, then C„ and Cn may be computed most conven- 
iently directly from these equations, regardless of the lag. 

If the particular case is for no lag, for example, the table shows that two 
values of C„ may be computed, after said lag is known, from the two equa- 
tions, written from table No. 1 : 

B„,+B«, = ^^C^ = 0.975C^ and B^+B^^^C^ 

For the cases actually encountered in the investigation, equations (36) to 
(39) were used as being sufficiently accurate. 

From these equations (36) to (39) two values of C„ and two values of C^ 
may be determined from each least-square solution. The discrepancy be- 
tween the two values serves as a test of the degree of accuracy with which 
C^ or Cn is determined by taking the mean of the two values. 

ASSUMED UNIFORM CHANGE IN BAROMETRIC GRADIENTS. 

The derivation of the form of observation equations shown as equation 
(30) on page 20 is based on an assumption which is stated explicitly below, 
for convenient reference, as assumption No. 3. 

Assumption No. 3. 

It is assumed that the barometric gradients along parallels and along 
meridians vary at a uniform rate in each 12-hour interval between the 
epochs 8 a.m. and 8 p.m. for which the forecast maps show the facts. 
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OBSERVATION EQUATIONS. 
Date 
1010 
Sept. 

(Aug.) 31-1.... + 6Bw-^Bm-l2Bu>2+ 9BimH-23B»m+ 6Bn,-23JBiM+ 3Bn«- 9-n 
6....+ 2Biot- ZBm- dEwflSBw*" 6Bn«+ 6Bni+27Bnt- 7Bn«-213-»i 

9 + SBw-ZQBm- 6Bir,+20Btr«+ 5Bno-19Bni+ lBnt+ 9Bna+ 21 -»i 

10....- 6Btr,+20Btin + llBt«-f 9Bwt+ lBn%+ 9Bni+ 4Bn.- 8B1M+ 7«W4 
ll....+llBti>.+ 9Bin+ 3Btr,- SBm+ 4Bn.- 8Bn,+ 4Bnt-14Bn,+ 46-% 

12-13.... -22Btca- 6Btd-225tiMH- IBir.- 9Bii«-12Bni- 6Bn.+llBn«+ 44-w« 

14 + 3BuH»+ 4J5iw- lBtw4- 6Btoi+ 7Bn«+ 9Bn,+10Bnf- 4Bnt-112»Pr 

16....- lBw.+ 6Bwi+ 3Bvt+ 7Bt0.+lOBiM- 4Bni+ 3Bn,+ OBn.+ 68=»» 

16 + ZBw+ 7Bwi- 2Bwt+10Bwt+ 3Bn«+ OBni+ 3Bni- 3Bn,- 3=et 

18. ... + 6Btw-10Bin-21Birt+19BinH-16Bn«-20Bm-31Bn,+10Bni+277«»i. 

19 -21Bii*+19Btn- 3Bt0t~ 3BtM-31Bn#+10Bni+ 6Bn,+ SBiw- 36=»n 

20....- 3Btct- 3Biw- 9Bto«- 4Bti>.+ 6Bn.+ SBni+llBm- 9Bn.-163»»ii 

21....- 9Bwt- 4BiM- lBu»s+ 9BtwH-llBno- 9Bni-14Bna+ 4Bn,+ 118 = »|i 

22....- lBtr,-f 9Btw+16Btra+ 6Btr.-14Bno+ 4Bm+ 6Bn,H- 8Bn«+ 68-»i4 
23....+16BtiHi-h 6Btn-18Bt«- 2Bwt+ 6Bno+ 8Bni-16Bn,-12BiM4-110=rn 
27....+13Bti»,+13Bin-20Bfw-16BtPi- 4Bn«- 2Bni+27Bn,- 6Bn«- 92-wn 
29.... -I- 7BicJ.+10Bici4- 7Biw+ 2Bwt+ 3Bn«-12BniH- 9Bnt+ lBn.+108-»iT 

30....+ 7Bu>.+ 2B1W+ 6Biw-10Btr.+ 9Bn«+ lBn. + 12Bni- lBn.-113=l^i 

The basis on which rejections and combinations were made is shown later 
in connection with the discussion of the accuracy of the computed baro- 
metric effects. 

BAROMETRIC TERMS IN OBSERVATION EQUATIONS. 

For Lake Michigan the barometric pressures used in the computations 
were those read at points 3, 4, 5, and 6 as shown on plate 2. The values of 
the barometric pressures at these points at 8 a.m. and 8 p.m. (75th meridian 
time) of each day for a part of September 1910 are shown in table No. 3. 
The table also shows the values of the differences of barometric pressure 
(4-5) and (3-6) which were used in the preparation of a part of the above 
observation equations. 

In the above equations the values of 6^, b^, . . . 6n« and b„, are ex- 
pressed in units of 0.01 inch, and the absolute term /, the rise of the water 
surface, is expressed in units of 0.001 foot. This arbitrary selection of 
units was made in order that the average magnitude of quantities in the 
various columns, as the equations are arranged in the example given, might 
be about the same. To have them about the same increases the accuracy 
of certain checks against error in the computations. 

The derivation of the values of 6„^, 6w> • • • Kt and 6nt as given in the 
observation equations may be verified from the table for the period which it 
covers. For example, note that the exceptionally large value of b^ in the 
equation for September 9 is (4-5) at 8 a.m. of September 8, ( — 17), minus 
(4-5) at 8 p.m. of September 8, (+19), or —36. This is the most rapid 
change of barometric difference shown anywhere in table No. 3. Note that 



BABOMETRIG PKBSSITRE8 ON THE GREAT LAKES 



27 



there was also a rather rapid change in the barometric difference in the 
meridian, difference 3-6, between 8 a.m. and 8 p.m. on September 8 from 
which the term bni in the September 9 observation equation is derived. 



Tablb No. 3. 



Date 1910. 


Hour. 


Barometric pressure in inches of 
mercury. 


In units of 0.01 
inch. 


At 
point 3. 


At 
point 4. 


At 
point 6. 


At 
point 6. 


Difif. 

(4-5) 


Diff. 
(3-6) 


Sept. 1 


8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 

8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 

8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 
8 a JQ. 
8 p.m. 

8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 

8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 
8 a.m. 
8 p.m. 


30.32 
30.23 
30.19 
29.83 
29.70 
29.86 

29.90 
29.93 
29.92 
29.89 
29.70 
29.93 

30.19 
30.02 
29.90 
29.99 
30.20 
30.13 

30.12 
30.03 
30.02 
30.03 
30.21 
30.37 

30.46 
30.31 
30.30 
30.28 
30.30 
30.21 


30.30 
30.18 
30.13 
29.80 
29.76 
29.82 

29.86 
29.83 
29.77 
29.78 
29.78 
30.03 

30.16 
30.04 
29.94 
30.08 
30.28 
30.18 

30.18 
29.99 
30.02 
29.26 
30.22 
30.34 

30.44 
30.36 
30.40 
30.31 
30.36 
30.26 


30.19 
30.16 
30.23 
29.96 
29.73 
29.74 

29.96 
29.96 
29.91 
29.89 
29.80 
29.90 

30.13 
30.18 
30.11 
29.89 
30.03 
30.13 

30.24 
30.14 
30.20 
30.10 
30.12 
30.21 

30.34 
30.30 
30.33 
30.29 
30.36 
30.34 


30.20 
30.14 
30.16 
29.87 
29.77 
29.80 

29.86 
29.84 
29.77 
29.80 
29.88 
30.04 

30.23 
30.16 
30.09 
29.99 
30.21 
30.23 

30.26 
30.09 
30.12 
29.99 
30.04 
30.22 

30.37 
30.32 
30.41 
30.36 
30.40 
30.31 


+11 
+ 2 
-10 
-16 
+ 3 
+ 8 

-10 
-12 
-14 
-11 

- 2 
+13 

+ 2 
-14 
-17 
+19 
+26 
+ 6 

- 6 
-16 
-18 
-16 
+10 
+13 

+10 
+ 6 
+ 7 
+ 2 

- 1 

- 8 


+12 
+ 9 
+ 3 

- 4 

- 7 
+ 6 

+ 6 
+ 9 
+16 
+ 9 
-18 
-11 

- 4 
-14 
-19 



- 1 
-10 

-14 

- 6 
-10 

+ 4 
+17 
+16 

+ 8 

- 1 
-11 

- 7 
-10 
-10 


1 


2 


2 


3 


3 


4 


4 


6 


6 


6 

6 


7 


7 


8 


8 


9 


9 


10 


10 


11 


11 


12 


12 


13 


13 


14 


14 


16 


16 





Table No. 4 shows the observed elevations referred to mean searlevel of 
the water surface at the Milwaukee gage, the observed rise of water surface 
for each day, the corrections to observed rise for known inflow, outflow, and 
rainfall on the lake siurface, the corrections to the observed rise for wind 
effects, and the corrected rise as used in the observation equations as the / 
term. 

3 
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The groups were studied separately as well as in combination with each 
other as a single set of equations for one complete solution. 

Tablb No. 4— jPot Milwaukee, Unit 0.001 foot. 









Correo- 














Observed 
eleva- 


Rise of 


tion for 

rainfall, 

inflow 

and 

outflow. 


Correc- 
tion for 
wind 
effect. 


Ck>r- 


CJorrec- 


CJorreo- 


Correc- 




tion (^ 


water 


rected 


tion for 


tion for 


tion for 




water 
BUiface. 


surface. 


rise. 


rainfall. 


inflow. 


outflow. 


1910 


feet. 
















Sept. 1... 


680.32 


• • • • 


+ 7 







- 1 


-6 


+13 


2... 


• • • • 


• • • • 


+ 7 










-6 


+12 


0. « . 


• • • • 


• • • • 


+ 1 







- 7 


-6 


+13 


4... 


« « • • 


• • • • 


- 2 







-10 


-6 


+13 


0. . . 


680.26 


- 70 


-26 







-33 


-6 


+12 


6. . . 


.07 


-180 


-33 





-213 


-40 


-6 


+12 


7... 


.00 


- 70 


- 2 





- 72 


-10 


-6 


+13 


o • . . 


.23 


+230 


+ 2 





+232 


- 6 


-6 


+13 


9... 


.26 


+ 20 


+ 1 





+ 21 


- 7 


-6 


+13 


10... 


.26 





+ 7 





+ 7 


- 1 


-6 • 


+13 


11... 


.29 


+ 40 


+ 6 





+ 46 


- 2 


-6 


+12 


12... 


.61 


+220 


-19 





+201 


-27 


-6 


+13 


13... 


.37 


-140 


-17 





-167 


-26 


-6 


+13 


14... 


.26 


-120 


+ 8 





-112 





-6 


+13 


16... 


.31 


+ 60 


+ 8 





+ 68 





-6 


+13 


16... 


.30 


- 10 


+ 7 





- 3 





-6 


+12 


17... 


.16 


-140 


- 2 





-142 


- 9 


-6 


+12 


18... 


.44 


+280 


- 3 





+277 


-11 


-6 


+13 


19... 


.40 


- 40 


+ 6 





- 36 


- 2 


-6 


+12 


20... 


.23 


-170 


+ 7 





-163 





-6 


+12 


21... 


.34 


+110 


+ 8 





+118 





-6 


+13 


22... 


.40 


+ 60 


+ 8 





+ 68 





-4 


+12 


23... 


.61 


+110 








+110 


- 7 


-6 


+12 


24... 


.71 


+200 


-20 


-1 


+179 


-27 


-4 


+11 


26... 


.46 


-250 


-16 


+1 


-264 


-22 


-6 


+12 


26... 


.37 


- 90 


+ 3 





- 87 


- 6 


-4 


+12 


27... 


.28 


- 90 


- 2 





- 92 


- 9 


-6 


+12 


28... 


.14 


-140 


+ 3 





-137 


- 6 


-6 


+13 


29... 


.24 


+100 


+ 8 





+108 





-4 


+12 


30... 


.12 


-120 


+ 7 





-113 





-6 


+12 



EXAMPLE OF NORMAL EQUATIONS FOR BAROMETRIC 

EFFECTS. 

In each solution a set of normal equations was first formed for each month, 
in the usual way, from the observation equations for that month. These 
sets of normal equations were then available for separate study for each 
month. 
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COMPUTATION OF HOURLY BAROMETRIC EFFECTS. 

To secure a baais for computing the hourly barometric effects at a gage 
station, one must first compute the lag in each component of the barometric 
effect by the use of table No, 2, page 22, and compute the values of C« and 
C, by fonnulsB (36), (37), (38), and (39) of page 23. 

At Milwaukee these computations were made from the values shown in 
table No. 6. 
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Example of comjrulaiion of daily barometric effecU (Milwaukee, Aug. B6 to Sept. B4t i910). 







Barometric correction. 




Elevation of 


Date. 










water surface. 


Change in 


Based directly 

-A. J 


To conform 
to values 


yx 1 








correction. 


on computed 
values. 


computed 
by step (1). 


Final. 


Observed. 


Corrected. 


Aug. 26... 


• • • • 


(+.238) 


.000 


+ .238 


580.00 


580.238 


27... 


-.018 


+ .220 


-.013 


+ .207 


.14 


.347 


28... 


-.176 


+ .044 


-.026 


+ .018 


.33 


.348 


29... 


-.098 


-.054 


-.038 


-.092 


.34 


.248 


30... 


+ .058 


+ .004 


-.051 


-.047 


.34 


.293 


31... 


+ .059 


+ .063 


-.064 


-.001 


.24 


.239 


Sept. 1 . . . 


-.015 


+ .048 


-.077 


-.029 


.32 


.291 


2... 


+ .011 


+ .059 


-.090 


-.031 


• • • • 


• • • • 


3... 


+ .065 


+ .124 


-.102 


+ .022 


• • « « 


• • « • 


4... 


-.079 


+ .045 (-.070) 


.000 


-.070 


• ■ • • 


• • • • 


5... 


-.096 


-.166 


.000 


-.166 


580.25 


580.084 


6... 


+ .232 


+ .066 


+ .001 


+ .067 


.07 


.137 


7... 


+ .019 


+ .085 


+ .002 


+ .087 


.00 


.087 


8... 


-.022 


+ .063 


+ .002 


+ .065 


.23 


.295 


9... 


+ .061 


+ .124 


+ .002 


+ .126 


.25 


.376 


10... 


-.046 


+ .078 


+ .003 


+ .081 


.25 


.831 


11... 


-.112 


-.034 


+ .004 


-.030 


.29 


.260 


12... 


-.077 


-.111 


+ .004 


-.107 


.51 


.408 


13... 


+ .093 


-.018 


+ .004 


-.014 


.37 


.356 


14... 


+ .105 


+ .087 (+.092) 


.000 


+ .092 


.25 


.342 


15... 


-.022 


+ .070 


.000 


+ .070 


.31 


.380 


16... 


-.019 


+ .051 


+ .001 


+ .052 


.30 


.362 


17... 


+ .001 


+ .052 


+ .001 


+ .053 


.16 


.213 


18... 


-.198 


-.146 


+ .002 


-.144 


.44 


.296 


19... 


+ .018 


-.128 


+ .002 


-.126 


.40 


.274 


20... 


+ .162 


+ .034 


+ .002 


+ .036 


.23 


.ZOO 


21... 


-.090 


-.056 


+ .003 


-.053 


.34 


.287 


22... 


-.043 


"" .099 


+ .003 


-.096 


.40 


.304 


23... 


-.062 


-.161 


+ .004 


-.157 


.51 


.353 


24... 


-.125 


-.286 (-.282) 


.000 


-.282 


.71 


.428 



The corrections shown in the fourth column were applied to the values 
shown in the third column to obtain the final adopted values of the baro- 
metric corrections as shown in the fifth column. 

The rule ordinarily observed in regard to selected days was to place them 
not more than 1 month apart in any case and not more than 10 days apart 
over any interval through which the discrepancy to be distributed exceeded 
0.070 foot. 

The discrepancy in question is due to two causes: (a) to omitted decimal 
places in the computations, and (6) to the fact that the process of computing 
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Under the conditions stated, 

y= : ^ =^ (54) 

area of crossHsection of the stream D 
By substitution from (53) and (54) in (52) there is obtained 

| = C(Z)S)» 

From the foregoing equation by solution for S there is obtained 

S-^(^) (55) 

C*\D*/ 

in which — is a constant, during the steady regime under consideration, 

which will be called Ci. 
This constant, C'i = ^, depends on the influences which fix C, the Chezy 

coefficient, and upon the action of the wind upon the water, which fixes Q. 
Equation (55) may for the present purpose be conveniently written thus: 



S^C,(±) (56) 



Let the difference of elevation of the surface of the water at any two points 
along the axis of the strip under consideration be called Hd and let the dis- 
tance between the two points be called L. 

Then 

Hd--SL (57) 

From (56) and (57), for any short portion of the strip on which D is con- 
stant. 



Hd 



-C,(i) (58) 



In general, under the influence of a steady wind, the surface of the water 
along any strip during the steady regime will have some such shape as that 
shown in the curve labeled "disturbed water surface" in figure 1, plate 4. 
On that curve, which is drawn for a strip on Lake Erie along the Une BB 
and for a west wind, the surface of the western part of the strip is shown 
depressed below, and along the eastern part elevated above, the normal 
elevation which it would have if no wind were blowing. One point on the 
curve, there shown at 1,027 thousands of feet west of the Buffalo gage, is 
shown as unchanged in elevation by the wind. Call such a point the nodal 
point of the strip. 

Let H be the total disturbance of elevation of any point on the strip under 
consideration. 
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Lake Erie, southeast of Long Point. The depths are comparatively regular 
and the strips are 50,000 feet (nearly 10 miles) wide. Note the relatively 

small values of — , even though values of L are large. 
The second group of strips shown in table No. 8 includes that part of the 



I 






00 

o 

S 
5 



•^ft 



2> 



it 
si 



s. 

1 

I 

I 

.9 

I 

.9 

f 



i 



I 






J 



I 



•a 



I 






^ 



S 



§§ 



8S 8 S S 



« t^ O t-i 1-1 



CO CO 1^ CO o 
OC4 «do>o» 



0»C» ^O 00 



C4 lOCO OOiO 



1-1 r* c« ci o 

•-•*-• w CI c5 



sssss:; 



S t-i S S8 



« ^ M ^ CJ 

»H f-i N eo CO 



^^ CO <0 CO Jfi 



i-« o ^ r*o» 



O O) O d C9 



^ lOO "^ lO 



88S 






ggioeog 



g 



SPggS 



<D O 1^ CO 00 

• • • • • 

*H CI ^4 ^4 tH 



t^ 00 00 00 9 



d fH 1-H ^ ^ 



CO CO C9 C4 CI 



^ ^ CO CO CO 



CO ^i* ^^ ^^ ^* 



CO ^ ^ ^ ^ 



CI CO CO d CI 



t^oor^ r^ 00 



S 8 S S 



S8SS 



i^S S{^co 



• • ■ 



CO lO «D 0» ^ 



kO lO lO lO to 



CI M 



«-4 oo» 00 r^ 



00 CD lO CO CI 



tH tH ^ OO 



d ,H fH 1-4 ^ 



CI tH ^ »H tH 



CO CI iH CI t-^ 



CO CO CO C4 iH 



CO CO CO d CI 



d CI CI CI d 



^ d d d d 



oooo ^ 



O U9i 

lOOUX 
Q 1-4 ^H ( 



BAROMETRIC PRESSURES ON THE QREAT LASES 



47 



Table No. ^.—CamputoHon of Z^/or E-W axis, Lake Erie. 



Strip limits. 


L 


Length 
of strip. 


Area 
of strip. 


4 

to far side 
of strip. 


4 

to middle 
of strip 


ih) 
times 
area. 


Ck>ntinuou8 

sum of 

preceding 

column. 










■ 
























50 to 100 
100 150 
150 200 
200 250 
250 300 


50 
50 
50 
50 
50 


110 
144 
177 
207 
220 


5,500 

7,200 

8,850 

10,350 

11,000 


160 
160 
161 
161 
161 


160 
160 
161 
161 
161 


880,000 
1,150,000 
1,425,000 
1,670,000 
1,770,000 


1,450,000 
2,600,000 
4,030,000 
5,700,000 
7,470,000 


















050 700 
700 750 
750 755 
755 758 
75S 800 


50 

50 

5 

3 

42 


332 
346 
342 
340 
319 


16,600 

17,300 

1,710 

1,020 

13,400 


162 
162 
162 
162 
162 


162 
162 
162 
162 
162 


2,690,000 

2,800,000 

277,000 

165,000 

2,170,000 


24,900,000 
27,700,000 
28,000,000 
28,200,000 
30,300,000 


















1,200 1,205 
1,205 1,210 
1,210 1,215 
1,215 1,220 
1,220 1,225 


5 
5 
5 
5 
5 


06 
68 
66 
56 
48 


330 
340 
330 
280 
240 


185 
190 
196 
206 
221 


183 
188 
193 
201 
113 


60,400 
63,900 
63,700 
56,300 
27,100 


44,400,000 
44,400,000 
44,500,000 
44,500,000 
44,600,000 



































In the fifth column there is shown the continuous summation of — step 

by step from the extreme eastern part of Lake Erie, near Buffalo, to the 
far side of the strip. The values of Z — shown in this fifth column were 

obtained by adding successively the values of — computed as shown in 

table No. 8. For example, S — for the west (or far) side of strip 1,200 to 

1,205 is shown as 185 in the fifth column of table No. 9. The value of — 

for strip 1,205 to 1,210 is shown as 5.00 in the last column of table No. 8. 
In the fifth column of table No. 9 the value of S — for the west (or far) side 

of strip 1,205 to 1,210 is shown as 190 (which is 185+5.00). 

Each value in the sixth column of table No. 9, called (b) for convenience, 

is the mean of the values of Z — at the two sides of the strip as shown in the 
fifth colunm. 
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strip. From (58) it is clear that the quantity CiZ — at each strip is the 

mean elevation of the water surface of that strip (in the disturbed condition) 
referred to the initial point as a zero. Hence, the product of the area of the 

strip into CiZ — for that strip is the amount of water in that strip which 

lies above the elevation of the initial point, and it is clear that the grand 
summation indicated in (60) is the total amount of water in the lake which 
is above the initial point during the disturbed condition. 

When the surface of the lake is undisturbed its whole surface is at one 
elevation, and the total amount of water in the lake then lying above the 
elevation of the initial point under consideration is 

(Hi) (aiea of lake) (61) 

A wind blowing the surface of the lake does not change the total content of 
the lake. Hence, the total amount of water above the initial point (which 
was the lowest point of the disturbed surface) must be the same in the dis- 
turbed and the undisturbed condition. Hence, (60) and (61) are equal. 
By placing them so in an equation and solving for Hi there is obtained 

2 (area of strip) (Ci2^) CiS (area of strip) (2^) . 



flt« 



area of lake area of lake 



Equation (62) is an expression for the disturbance of elevation of the water 
surface at the initial point referred to the nodal point, of which the location 
is as yet imknown. Ci may be taken outside both summation signs as shown 
because it is a constant which is the same for all strips. 

Equation (59) is an expression for the disturbance of elevation of any point 
on the lake. Hence, applying this formula (59) to the initial point under 
consideration, there is obtained 

flt = CiS— (63) 

in which the sunmiation 2 — extends from the nodal point to the initial 

point. 

By placing the two expressions for Hi of (62) and (63) equal to each other 
and dividing each side of the equation by Ci there is obtained, as an equation 
applicable at the nodal point only, 

J, L_ ^ 2 (area of strip) (z—J ^^^ 

Jj* 

area of lake 
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EFFECTS OF WINDS AND OF 



Table No. 19 — Observed and corrected dtoolwne of water ewrface at the Buffalo Oage on 

Lake Erie, 



Date. 


Baro- 
metric 

cor- 
rection. 


Wind 
cor- 
rection. 


Observed 
eleva- 
tion 
670+. 


Cor- 
rected 
eleva- 
tion 
6704-. 


6-day 

observed 

mean 

6704-. 


5-day 

corrected 

mean 

670 -h. 


Residuals from 
6-day means. 


Obs. 


Cor. 


1910. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


June 1... 


-0.31 


-0.11 


2.94 


2.62 


< 


' 


-0.38 


-0.02 


2... 


- .16 


- .06 


2.68 


(2.36) 






- .02 


(+ .14) 


V. ■ . 


- .04 


4- .01 


2.67 


2.54 


2.66 


2.60 


- .01 


- .04 


4... 


+ .11 


+ .02 


2.27 


2.40 






-f .29 


4- .10 


6. . . 


+ .09 


.00 


2.46 


2.66 


« 


> 


+ .10 


- .05 


6.. . 


- .10 


- .06 


2.66 


2.49 


1 


■ 


- .09 


4- .03 


7... 


- .24 


- .02 


2.77 


2.61 






- .21 


4- .01 


o. . . 


- .13 


- .03 


2.69 


2.63 


2.56 


2.52 


- .13 


- .01 


9... 


+ .13 


+ .02 


2.43 


2.68 






+ .13 


- .06 


10... 


+ .22 


-f .03 


2.26 


2.61 


1 


1 


-h .30 


4- .01 


11... 


+ .18 


-h .02 


2.29 


2.49 


( 


1 


4- .30 


- .05 


12... 


- .28 


- .14 


2.78 


2.36 






- .19 


4- .08 


13... 


- .22 


- .03 


2.63 


2.38 


2.59 


2.44 


- .04 


-f- .06 


14... 


- .16 


- .04 


2.63 


2.44 






- .04 


00 


16... 


- .08 


- .02 


2.63 


2.53 


< 




- .04 

• 


-. 09 


16... 


- .03 


.00 


2.54 


2.61 


1 




+ .06 


- .01 


17... 


- .17 


- .02 


2.61 


2.42 






- .02 


+ .08 


18... 


- .16 


- .02 


2.68 


2.60 


2.69 


2.50 


- .09 


.00 


19... 


- .05 


.00 


2.67 


2.62 






+ .02 


- .02 


20... 


.00 


- .01 


2.55 


2.54 


• 


1 


+ .04 


- .04 


21... 


-h .06 


.00 


2.66 


2.60 


" 


' 


- .10 


- .06 


22... 


-f .02 


- .02 


2.54 


2.64 






- .09 


4- .01 


23... 


.00 


- .01 


2.66 


2.55 


2.46 


2.56 


- .11 


.00 


24... 


+ .23 


+ .04 


2.20 


2.47 






+ .26 


4- .08 


26... 


+ .21 


.00 


2.39 


2.60 


- 


» 


+ .06 


- .06 


26... 


- .01 


.00 


2.41 


2.40 


1 


■ 


+ .12 


4- .04 


27... 


- .20 


- .03 


2.69 


2.36 






- .06 


4- .08 


28... 


- .08 


- .02 


2.60 


2.50 


2.53 


2.44 


- .07 


- .06 


29... 


- .09 


- .02 


2.55 


2.44 






- .02 


.00 


30... 


- .03 


- .01 


2.52 


2.48 


- 


1 


+ .01 


- .04 


July 1... 


- .14 


- .03 


2.68 


2.41 


1 


1 


- .24 


- .08 


2... 


- .10 


- .01 


2.48 


2.37 






- .14 


- .04 


o. • . 


.00 


- .06 


2.52 


(2.47) 


2.34 


2.33 


- .18 


(- .14) 


4... 


+ .19 


+ .04 


2.02 


2.25 






+ .32 


4- .08 


6.. . 


+ .17 


4- .01 


2.12 


2.30 


) 




-f .22 


4- .03 


6.. . 


.00 


.00 


2.30 


2.30 




1 


+ .11 


- .06 


7... 


- .19 


- .01 


2.44 


2.24 






- .03 


.00 


o*. . 


- .14 


- .01 


2.39 


2.24 


2.41 


2.24 


+ ;02 


.00 


V* • • 


- .21 


- .04 


2.46 


2.21 






- .06 


4- .03 


10... 


- .21 


- .04 


2.47 


2.22 


1 


1 


- .06 


4- .02 
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Tablb No. 19— Continued. 



Date. 


Baro- 
metric 
cor- 
rection. 


Wind 
cor- 
rection. 


Observed 
eleva- 
tion 
670+. 


Cor- 
rected 
eleva- 
tion 
670+. 


6-day 

observed 

mean 

670+. 


6-day 

corrected 

mean 

570+. 


Residuals from 
6-day means. 


Obs. 


Cor. 


1910. 


feet. 


feel. 


feel. 


feel. 


fed. 


feel. 


feel. 


feel. 


July 11... 


-0.09 


-0.01 


2.42 


2.32 


> 


' 


+0.03 


+0.06 


12... 


- .02 


- .02 


2.42 


2.38 






+ .03 


- .01 


13... 


- .17 


- .04 


2.62 


2.41 


2.46 


2.37 


- .17 


- .04 


14... 


+ .03 


.00 


2.38 


2.41 






+ .07 


- .04 


16... 


- .06 


- .01 


2.39 


2.32 


< 


1 


+ .06 


+ .06 


16... 


- .03 


+ .02 


2.18 


2.17 




• 


- .04 


+ .03 


17... 


+ .11 


+ .03 


1.95 


2.09 






+ .19 


+ .11 


18... 


+ .17 


+ .03 


2.03 


2.23 


2.14 


2.20 


+ .11 


- .03 


19... 


+ .06 


.00 


2.23 


2.29 






- .09 


- .09 


20... 


- .09 


.00 


2.29 


2.20 




1 


- .16 


.00 


21... 


- .26 


- .06 


2.39 


2.08 




■ 


+ .06 


+ .08 


22... 


- .24 


- .06 


2.47 


2.18 






- .03 


- .02 


23... 


- .06 


- .01 


2.28 


2.21 


2.44 


2.16 


+ .16 


- .06 


24... 


- .16 


- .07 


2.42 


2.20 






+ .02 


- .04 


25... 


- .39 


- .12 


2.64 


2.13 


■ 


1 


- .20 


+ .03 


26... 


- .18 


- .06 


2.46 


2.23 


1 


• 


- .04 


+ .04 


27... 


- .11 


- .03 


2.49 


2.36 






- .07 


- .08 


28... 


- .07 


- .01 


2.36 


2.27 


2.42 


2.27 


+ .07 


.00 


29... 


- .10 


- .02 


2.38 


2.26 


' 


t 


+ .04 


+ .01 


<$u. . . 


- .20 


- .03 


2.46 


2.22 






- .03 


+ .06 


31... 


- .06 


.00 


2.36 


2.31 


< 


1 


+ .06 


- .04 


Aug. 1. . . 


- .06 


- .04 


2.36 


2.26 


' 


1 


+ .13 


.00 


2... 


.00 


.00 


2.28 


2.28 






+ .20 


- .03 


3. . ■ 


- .03 


.00 


2.22 


2.19 


2.48 


2.26 


+ .26 


+ .06 


4... 


- .30 


- .12 


2.69 


2.27 






- .21 


- .02 


5.. . 


- .31 


- .26 


2.84 


2.27 


( 




- .36 


- .02 


6.. . 


- .21 


- .06 


2.46 


2.18 


* 


' 


- .20 


+ .01 


7... 


+ .06 


.00 


2.13 


2.19 






+ .12 


+ .00 


o. . • 


+ .10 


.00 


2.17 


2.27 


2.26 


2.19 


+ .08 


- .08 


V. . . 


+ .01 


- .01 


2.18 


2.18 






+ .07 


+ .01 


10... 


- .14 


- .03 


2.32 


2.16 


' 


1 


- .07 


+ .04 


11... 


.00 


- .01 


• • • • 


• • • • 


< 


1 


• • • • 


.... 


12... 


+ .06 


.00 


2.01 


2.06 






+ .06 


.00 


13... 


- .04 


.00 


2.08 


2.04 


2.06 


2.06 


- .02 


+ .02 


14... 


- .03 


.00 


2.10 


2.07 






- .04 


- .01 


15... 


+ .02 


.00 


2.04 


2.06 


■ 




+ .02 


.00 


16... 


+ .11 


.00 


1.98 


2.09 


1 




+ .06 


- .04 


17... 


+ .07 


- .01 


2.01 


2.07 






+ .03 


- .02 


18... 


- .10 


- .02 


2.16 


2.04 


2.04 


2.06 


- .12 


+ .01 


19... 


+ .03 


- .01 


2.06 


2.07 






- .01 


- .02 


20... 


.00 


- .01 


2.01 


2.00 


. 




+ .03 


+ .06 



82 EFFEcrrs or winds and of 

Tabu No. 19—CmUiiMiiid. 
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Tabu No. 19— CofiMntMd. 



Data. 


Baro- 
metric 
cor- 
rection. 


Wind 
cor- 
rection. 


Obsenred 

eieya- 

tion 

670+ . 


Cor- 
rected 
elerar 

tion 
670 -h. 


6-day 

obaenred 

mean 

670+. 


6-da7 
corrected 

670+. 


Reeidui 
6Hiay 


lis from 
meana. 


Oba. 


Cor. 


1910. 


feet. 


feet. 


feel. 


feet. 


feet. 


feet. 


feet. 


feet. 


Oct. 1.. . 


-0.40 


-0.20 


2.42 


(1.82) 




> 


-0.67 


(-0.24) 


2... 


+ .04 


.00 


1.65 


1.59 






+ .30 


- .01 


«S. • • 


- .01 


- .02 


1.62 


1.69 


1.86 


1.68 


+ .23 


- .01 


4... 


- .28 


- .10 


1.94 


1.66 






- .09 


+ .02 


6.. . 


- .26 


- .03 


1.74 


(1.45) 




1 


+ .11 


(+ .13) 


6... 


- .13 


.00 


1.86 


1.73 


' 


' 


+ .01 


+ .03 


7... 


+ .09 


+ .01 


1.66 


1.76 






+ .21 


.00 


o. . • 


- .06 


- .01 


1.83 


1.76 


1.87 


1.76 


+ .04 


.00 


9... 


- .29 


- .02 


2.08 


1.77 




1 


- .21 


- .01 


10... 


- .08 


- .06 


1.92 


1.78 


I 


. 


- .06 


- .02 


11... 


- .26 


- .16 


2.31 


(1.90) 


1 


• 


- .46 


(- .14) 


12... 


+ .16 


+ .02 


1.63 


1.71 






+ .32 


+ .06 


13... 


+ .21 


.00 


1.60 


1.71 


1.85 


1.76 


+ .35 


-h .05 


14... 


- .10 


- .02 


1.93 


1.81 






- .08 


- .06 


16... 


- .14 


- .05 


1.99 


1.80 


' 


1 


- .14 


- .04 


16... 


- .23 


- .04 


1.97 


1.70 




' 


- .24 


.00 


17... 


+ .09 


.00 


1.65 


1.74 






+ .08 


- .04 


la... 


- .06 


- .01 


1.76 


1.69 


1.73 


1.70 


- .03 


+ .01 


19... 


- .07 


- .02 


1.78 


1.69 






- .06 


+ .01 


20... 


+ .18 


+ .03 


1.47 


1.68 


* 


1 


+ .26 


+ .02 


21... 


+ .16 


+ .02 


1.36 


(1.64) 


■ 


• 


+ .72 


(+ .19) 


22... 


- .48 


- .22 


3.11 


(2.41) 






-1.03 


(- .es) 


23... 


- .26 


- .04 


2.04 


1.74 


2.08 


1.73 


+ .04 


- .01 


Jn» . • 


- .21 


- .08 


2.05 


1.76 






+ .03 


- .08 


26... 


- .14 


- .03 


1.86 


1.68 


1 




+ .23 


-f .06 


26... 


- .09 


.00 


1.69 


1.60 


' 


■ 


+ .37 


+ .07 


27... 


- .36 


- .22 


2.63 


(2.06) 






- .67 


(- .89) 


28... 
29... 


- .21 

- .08 


- .04 
.00 


■ • • • 

1.82 


• • • • 

1.74 


2.06 


1.67 


• • • • 

+ .24 


.... 
- .07 


90. • . 


- .10 


- .11 


2.34 


(2.13) 






- .28 


(- .48) 


31... 


- .23 


- .06 


1.80 


(1.61) 




> 


+ .26 


(+ .16) 
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Tabu No. 20— CohKuhmI. 



EiTB(7ra or winds and or 

Tabu Ho. 20— ConMnutd. 
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Tabub No. 20— ConKniMd. 








Dttte. 


Baio- 
metric 

OOP- 

rection. 


Wind 

COP- 

reciioii. 


Obaeired 
eleva- 
tion 
570+. 


Cor- 
rected 
eleva- 
tion 
570+. 


5-da7 

[>b0erved 

mean 

570+ . 


5-day 

corrected 

mean 

570+ . 


Remduals from 
5-day means. 


Obs. 


Cor. 


1910. 


fed. 


feei. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


Oet 1... 


+0.13 


-0.06 


1.79 


1.87 


« 


' 


-0.03 


+0.02 


2... 


+ .01 


.00 


1.86 


1.87 






- .10 


+ .02 


o. • • 


+ .13 


+ .02 


1.74 


1.89 


1.76 


1.89 


+ .02 


.00 


4... 


+ .21 


+ .03 


1.64 


1.88 






+ .12 


+ .01 


5... 


+ .16 


+ .02 


1.78 


1.96 


< 


1 


- .02 


- .07 


6u.. 


- .03 


- .04 


2.28 


(2.21) 


' 


1 


- .18 


(- .20) 


7... 


- .10 


- .01 


2.13 


2.02 






- .03 


- .01 


8... 


.00 


.00 


2.03 


2.03 


2.10 


2.01 


+ .07 


- .02 


9... 


- .01 


- .02 


2.07 


2.04 






+ .03 


- .03 


10... 


- .03 


.00 


1.97 


1.94 


1 




+ .13 


+ .07 


11... 


+ .06 


- .01 


1.79 


1.83 


1 


1 


+ .12 


+ .05 


12... 


- .13 


+ .01 


2.07 


1.95 






- .16 


- .07 


13... 


- .08 


+ .01 


• • • • 


• ■ • • 


1.91 


1.88 


• • • • 


• • • • 


14... 


- .02 


.00 


1.88 


1.86 






+ .03 


+ .02 


15... 


- .02 


.00 


1.90 


1.88 


t 


1 


+ .01 


.00 


16... 


- .02 


- .01 


1.89 


1.86 


< 


■ 


+ .07 


+ .05 


17... 


- .07 


.00 


1.98 


1.91 






- .02 


.00 


18... 


+ .02 


.00 


1.94 


1.96 


1.96 


1.91 


+ .02 


- .06 


19... 


+ .03 


+ .01 


• • • • 


• tt • • 






• a • • 


.... 


20... 


- .15 


.00 


2.05 


1.90 


< 


' 


- .09 


+ .01 


21... 


- .08 


.00 


2.09 


2.01 


' 


' 


- .26 


- .06 


22... 


+ .14 


- .04 


1.56 


(1.66) 






+ .27 


(+ .29) 


23... 


+ .05 


- .02 


1.92 


1.95 


1.83 


1.95 


- .09 


.00 


24... 


+ .08 


+ .02 


1.64 


(1.74) 






+ .19 


(+ .21) 


25... 


- .03 


- .02 


1.93 


1.88 


1 




- .10 


+ .07 


28... 


+ .04 


.00 


1.85 


1.89 


« 


* 


- .13 


- .03 


27... 


+ .12 


- .06 


1.74 


1.80 






- .02 


+ .06 


28... 
29... 


+ .07 
+ .02 


- .06 

- .04 


1.85 
1.94 


1.86 
1.92 


1.72 


1.86 


- .13 

- .22 


.00 
- .06 


aa.. 


+ .20 


+ .03 


1.33 


(1.56) 






+ .89 


(+ .30) 


81... 


+ .17 


.00 


1.64 


1.81 


1 




+ .08 


+.« 
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Tabim No. 22 — Cmiinued. 
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Tabia No. 23 — Obtntd and eorrteUd tlnalwru vf water wrfaee at Maekinaw C 
Lake MiekigaTt-HiiroA, 
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EFFECTS OF WINDS AND OF 



Tablb No 2^--€cnHnued. 



Date. 


Baro- 
metric 
cor- 


Wind 
cor- 
rection. 


Observed 
eleva- 
tion 


Cor- 
rected 
eleva- ^ 

tion 


6-day 

observed 

mean 


6-day 

corrected 

mean 


Residiials from 
6-day means. 








rection. 


A ^#^* VP*^^ AA • 


679+. 


679+. 


679+. 


679+. 


Obs. 


Cor. 


1911. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


Aug. 21.. . 


-0.11 


0.00 


0.98 


0.87 


' 


' 


-0.16 


-0.06 


22... 


+ .06 


.00 


.73 


(.78) 






+ .09 


(+ .04) 


23... 


+ .04 


.00 


.78 


.82 


0.82 


0.82 


+ .04 


.00 


24... 


4- .02 


.00 


.77 


.79 






+ .06 


+ .03 


25... 


- .03 


.00 


.82 


.79 


■ 


. 


.00 


+ .03 


26... 


- .04 


.00 


.80 


.76 


■ 




- .09 


- .07 


27... 


- .06 


.00 


.80 


.74 






- .09 


- .06 


28... 
29... 


-f .01 
+ .06 


.00 
.00 


.67 
.63 


.68 
.68 


.71 


.69 


+ .04 
+ .08 


+ .01 
+ .01 


oU. . . 


.00 


.00 


.64 


.64 






+ .07 


+ .06 


31... 


- .06 


.00 


.70 


.66 


. 


I 


+ .01 


+ .04 


S^t. 1. . . 


- .06 


.00 


.71 


.66 


1 


' 


- .02 


- .01 


2... 


- .02 


.00 


.64 


.62 






+ .06 


+ .03 


o. . . 


+ .03 


.00 


.68 


(.71) 


.69 


.66 


+ .01 


(- .06) 


4... 


.00 


.00 


.67 


.67 






+ .02 


- .02 


6.. . 


.00 


.00 


.73 


(.73) 


' 




- .04 


(- .08) 


6... 


4- .08 


.00 


.63 


.61 


- 


' 


+ .04 


- .01 


7... 


+ .08 


.00 


.49 


.67 






+ .08 


+ .03 


o. . . 


+ .03 


.00 


.68 


.61 


.67 


.60 


- .01 


- .01 


V. a . 


- .02 


.00 


.64 


.62 






- .07 


- .02 


10... 


- .03 


.00 


.63 


.60 


« 


• 


- .06 


.00 


11... 


- .06 


.00 


.66 


.60 


' 


' 


- .03 


- .02 


12... 


+ .06 


.00 


.62 


.67 






+ .10 


+ .01 


13... 


-f .01 


.00 


.67 


.68 


.62 


.68 


+ .06 


.00 


14... 


- .09 


.00 


.69 


.60 






- .07 


- .02 


16... 


- .12 


.00 


.68 


.66 


1 


■ 


- .06 


+ .02 


16... 


- .02 


.00 


.68 


.66 


I 


■ 


+ .02 


+ .02 


17... 


- .01 


.00 


.63 


.62 






- .03 


- .04 


18... 


- .09 


.00 


.69 


.60 


.60 


.68 


- .09 


- .02 


19... 


-f .01 


.00 


.66 


.67 






+ .04 


+ .01 


20... 


+ .01 


.00 


.66 


.67 


• 


■ 


+ .04 


+ .01 


21... 


+ .03 


.00 


.66 


.68 


< 


' 


+ .02 


- .02 


22... 


- .10 


.00 


.64 


.64 






- .07 


+ .02 


23... 


- .11 


.00 


.71 


.60 


.67 


.66 


- .14 


- .04 


24... 


+ .07 


.00 


.46 


.63 






+ .11 


+ .03 


26... 


+ .06 


.00 


.61 


.67 


i 




+ .06 


- .01 


26... 


- .03 


.00 


.67 


.64 


< 


' 


- .07 


- .03 


27... 


.00 


.00 


.62 


.62 






- .02 


- .01 


28... 


.00 


.00 


.46 


.46 


.60 


.61 


+ .04 


+ .06 


29... 


+ .04 


.00 


.48 


.62 






+ .02 


- .01 


30... 


.00 


.00 


.49 


.49 


( 


• 


+ .01 


+ .02 
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EFFECTS OF WINDS AND OF 
Tablb No. 2i—ConHnued. 





Observed 


Corrected 


6-day 
observed 


6-day 
corrected 


Residuals from 
6-day means. 


Date. 


elevation 
670 +. 


elevation 
670-h. 


mean 
670+. 


mean 
670 +. 






Obs. 


Cor. 


1010. 


feet. 


feel. 


feet. 


feet. 


feet. 


feet. 


Oct 1 


2.10 


1.87 


' 


• 


-0.29 


-0.04 


2 


1.70 


1.77 


. 




+ .11 


+ .06 


3 


1.68 


1.78 


1.81 


1.83 


+ .13 


+ .06 


4 


1.79 


1.76 






+ .02 


-H .07 


6 


1.76 


1.96 


1 


t 


+ .06 


- .13 


6 


2.07 


1.73 


- 


• 


- .09 


+ .16 


7 


1.90 


1.92 






+ .08 


- .04 


8 


1.93 


1.93 


1.98 


1.88 


+ .06 


- .06 





2.08 


1.94 






- .10 


- .06 


10 


1.94 


1.88 


i 


I 


+ .04 


.00 


11 


2.06 


1.83 


' 


» 


- .21 


- .01 


12 


1.80 


1.86 






+ .04 


- .04 


13 


1.60 


1.71 


1.84 


1.82 


+ .34 


+ .11 


14 


1.90 


1.84 






- .06 


- .02 


16 


1.94 


1.86 


1 


► 


- .10 


- .03 


16 


1.93 


1.80 


' 


1 


- .10 


.00 


17 


1.81 


1.86 






+ .02 


- .06 


18 


1.86 


1.86 


1.83 


1.80 


- .02 


- .06 


19 


1.78 


1.69 






+ .05 


+ .11 


20 


1.76 


1.82 


1 


1 


+ .07 


- .02 


21 


1.72 


2.01 


< 


1 


+ .23 


- .16 


22 


2.34 


.... 






- .39 


• • • • 


23 


1.98 


1.87 


1.96 


1.86 


- .03 


- .01 


24 


1.84 


1.76 






+ .11 


+ .10 


26 


1.89 


1.81 


1 


1 


+ .06 


+ .06 

• 


26 


1.77 


1.78 


' 


t 


+ .10 


+ .04 


27 


2.18 


1.80 






- .31 


+ .02 


28 

29 


1.86 
1.88 


1.86 
1.86 


1.87 


1.82 


+ .02 
- .01 


- .04 

- .03 


30 


1.84 


• • • • 






+ .03 


.... 


31 


1.72 


1.81 


< 


> 


+ .16 


+ .01 



In table No. 24 the corrected elevation for any day is the weighted mean 
of the corrected elevation for Buffalo as recorded in table No. 19 and the 
corrected elevation for Cleveland as recorded in table No. 20, the relative 
weights assigned being 1.0 for Buffalo and 1.7 for Cleveland. 

The genend explanations given on pages 78-79 with reference to &-day 
means and residuals in table No. 19 also apply to table No. 24. 

MEAN ELEVATIONS OF LAKE MICHIGAN-HURON. 

The general explanations made in connection with table No. 24 for Lake 
Erie apply to table No. 25 for Lake Michigan-Huron. 
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Tabu No. 2S— ConlJmMil. 
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Tabu No. 2S — Conttmud. 
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A frequency taUe was constructed from the observed periods referred to 
in the preceding paragraph. It is shown below as taUe No. 29. 

Tabub No. 29. — Frequency distribuHon of obBerved periods of oddUaHon ai Buffalo. 



First. 


Second. 


Third 


Length of 

obsenred 

periods 

in hours. 


Number of 

such periods 

observed. 


Length of 

observed 

periods 

in hours. 


Number of 

such periods 

observed. 


Length of 

observed 

periods 

in hours. 


Number of 

such periods 

observed. 


2 

2.5 

3 

3.5 

4 

4.5 

5 

6 


24 
4 

44 
3 

53 
2 

17 

14 


6.5 
7 

7.5 
8 

8.5 
9 
10 


3 
6 

1 
4 
1 
7 
3 


11 

12 

12.5 

13 

14 

14.5 

15.5 


1 
3 

1 
2 
1 
1 
1 



161 periods in first group, mean period <"3 . 7 hours. 
10 periods in third group, mean period >■ 13.0 hours. 
Total nimiber of periods 196. 

From a study of this table, combined with a study of the graphs, it ap- 
X)eared that probably the 161 periods included in the first part of the table 
were all disturbed cases of one prevailing seiche period between 3 and 4 
hours in length. Accordingly, the mean of these 161 peroids, namely, 3.7 
hours, was taken as a best first approximation to the period of a prevailing 
seiche at Buffalo. 

The periods involving half hours, such as 2.5, 3.5, 4.5, etc., arose from 
the fact that where two successive hourly ordinates at a maximum or a 
minimum on the graph were equal, the time of said maximum or minimum 
was identified as being at the half hour midway between the two hours. 
Naturally, there were relatively few of these cases as compared with those 
in which the observed period was an integral number of hours. The fre- 
quency-distribution table. No. 29, should therefore be scanned as if these 
periods involving half hours were distributed equally to the adjacent periods 
which are in integral hours. The table so scanned shows a maximum fre- 
quency at 4 hours. 

A study of the graphs showed several cases in which an apparent seiche 
with a period of about 13 hours stood out clearly with relatively little com- 
plication by anything else. With this as a clue, it was decided that possibly 
the 10 periods included in the third part of the table were all disturbed 
cases of a seiche with a period of about 13 hours. Accordingly, the mean 
of these 10 periods, namely, 13.0 hours, was taken as a best first approxi- 
mation to the period of a prevailing seiche at Buffalo. 

Next, the 25 cases in the middle of the frequency-distribution tablOi No. 
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Lake Erie and where the depth is decreasmg very rapidly from east to' 
west. 

Similarly, from a study of the depths, the corresponding rates of propa- 
gation, and the probable points of reflection, it appears that the 2.6 hour 
seiche observed at Cleveland is probaUy a crosswise oscillation back and 
forth between the 10-fathom curve off Cleveland and the 10-fathom curve 
on the opposite (Canadian) shore of the lake, about midway between Point 
Pdee and Point aux Pins. 

Though the homiy observations of elevation of water surface at Mil- 
waukee, Harbor Beach, and Mackinaw show that seiches of moderate range 
are prevalent at each of these stations, it was not feasiUe to make a careful 
study of these within the limits of this investigation, with the one exception 

of the study made for Mackinaw, as indicated below. 

I 

SEICHES AT STRAIT OF Bl/ICEINAC. 

The Strait of Mackinac constitutes a connection between Lake Michigan 
and Lake Huron. The Strait for a length of 20,000 feet at its narrowest 
part has a width of about 20,000 feet and a mean depth of about 68 feet. It 
appeared to the investigator that there was probably a peculiar seiche hav- 
ing its nodal line at about the middle point of the length of the narrowest 
part of the Strait, and that the oscillation would be such that the whole 
surface of Lake Michigan would rise while the whole surface of Lake 
Huron went down, and vice versa, as the current ran alternately westward 
and eastward through the Strait under the influence of inertia, gravity, 
and friction, after such an oscillation or seiche had once been started. 
The investigator did not know of any adequate treatment of the problem of 
determimng the theoretical period of such a seiche. Therefore, he started 
from the known elements of the problem: the areas of the two lakes; the 
Chezy formulae for the relations between the velocity of a steady current 
flowing in a channel, the slope of the water surface, and the dimensions of 
the channel; an assumed coefficient of roughness for use in that formula; 
and the known relations between mass, force, and acceleration. By a step- 
by-step process he computed the period of oscillation by main strength and 
computed the probable rate of damping. The conclusions reached were 
(1) that the period is about 7 hours for a complete oscillation, and (2) that 
the damping is at least sufficient to reduce the amplitude of the wave by one- 
sixth part in each successive half wave. 

After the computation was complete, an inspection was made of the 
graph of hourly elevations of the water liurf ace on 42 days at the Mackinaw 
gage, which is at the eastern end of the Strait. The inspection was not de- 
tailed or complete, as the available time was short. Two cases were found 
on which a 7-hour seiche was apparently started at Mackinaw by an im- 
pulse due to barometric pressures, which was peculiarly well adapted to 
start such a seiche. It was also noted that on May 18-23, 1911, there was 



BAROMETRIC PRESSURES ON THE GREAT LAKES 127 

It is broken up into only a few seiche areas. There are probably only three 
important seiche areas in Lake Erie: (1) the area of depth greater than 20 
fathoms in the eastern part of the lake; (2) the continuous area of more 
than 10 fathoms depth extending from a point near the eastern end of the 
lake (marked by three stars on plate 2) nearly to Sandusky and Point Pelee, 
near the western end of the lake; and (3) the part of the western end of the 
lake which is largely cut off from the main lake by Point Pelee and a chain 
of islands including Pelee Island and Kelley's Island. The first-mentioned 
seiche area is included within the second-mentioned. 

In contrast, consider Lake Michigan-Huron. It has a straggling area 
bounded by extremely irregular shores interrupted once by the whole of the 
lower peninsula of Michigan and again by the peninsula and islands which 
in part cut off Georgian Bay and North Channel from the main portion of 
the lake. Lake Michigan-Huron is probably broken up into at least 8 
seiche areas, which are all of primary importance. The writer estimates 
these areas, by examination of the Lake Survey charts, to be as enumerated 
below: 

(1) Tliat part of Lake Michigan south of latitude 44% in which the depth is more than 50 
fathoms and less than 90. Note that the regularity of this area is broken in its middle 
portion by a small oval, within ^diich the depth is more than 90 fathoms, and another oval 
near it, within which the depth is less than 50 fathoms. 

(2) That northern part of Lake Michigan extending from a point north of latitude 44* 
neariy as far north as the main entrance to Green Bay, in which the depth is more than 
90 fathoms. 

(3) Green Bay. 

(4) That northeastern part of Lake Huron which is more than 50 fathoms deep, ex- 
tending in a long area of gradually increasing width from latitude 46* and longitude 84* 
southeastward to latitude 44i* and longitude 82*. 

(5) North Channel, the long narrow area at the extreme north end of Lake Huron, 
separated from the main portion of the lake by Manitoulin Island. 

(6) Georgian Bay. 

(7) The unnamed bay which is a southern extension of Lake Huron and which terminates 
at Port Huron and the entrance of the St. Claire River. 

(8) Saginaw Bay. 

So far as there is a 7-hour seiche through the Strait of Mackinac, as dis- 
cussed on pages 119-120, the whole of Lake Michigan-Huron is acting as a 
single seiche area. 

In accordance with the contrast between Lake Elrie and Lake Michigan- 
Huron, to which attention has just been called, the observations indicate 
that the seiches on Lake Erie are much larger in range, as a rule, than those 
on Lake Michigan-Huron; that the Lake Erie seiches persist with a relatively 
large range for several days at a time; and that on Lake Michigan-Huron, 
though very large seiches sometimes occur, such seiches are apparently 
damped down to a small range, as a rule, after only a few oscillations. 
The prevailing condition at each gage on Lake Michigan-Huron seems to be 
that small seiches are in progress, seldom disappearing completely and 
seldom large and r^ular enough to make it easy to detect the seiche periods. 



BAROMETRIC PRESSURES ON THE GREAT LAKES 133 

APPLICATION TO DETERMINATION OF TILTING OF THE GREAT 

LAKES REGION. 

From the evidence derived from gages operated over long periods or 
during widely separated years, at various points of Lake Michigan-Huron, 
the eminent geologist, G. K. Gilbert, determined that the whole re^on 
covered by this lake is slowly tilting to the southwestward, and secured a 
determination of the rate of tilting. This determination would obviously 
be strengthened if the corrections for wind effects and for barometric effects 
at the gages were applied by using the methods and constants made available 
by this publication. This investigation by Gilbert was published as a part 
of the Annual Report of the U. S. Geological Survey for 1896-97, part II, 
pages 595-647, under the title Recent Earth Movement in the Great Lakes 
Region. 

The rate of tilting as derived was .0042 foot per mile per century — an 
exceedingly small rate of change. The conclusion was derived from apparent 
changes of relative elevation of the water surface as measured at different 
gages on Lakes Michigan-Huron, Erie, and Ontario in different years. 
The amounts of change involved are of the order of 0.1 to 0.2 foot in 
a period of 20 to 40 years. Evidently, when such small changes are in 
question there is more chance of securing the necessary accuracy if cor- 
rections as large as those shown in tables Nos. 19 to 23, pages 80-96 of 
this publication, for barometric effects and wind effects, are taken into 
account. Gilbert limited his deductions largely to days on which there was 
little wind. But an inspection of the computations made in connection 
with the present investigation shows that the barometric corrections are by 
no means negligible on the Great Lakes on days of little wind. Gilbert 
himself saw the desirability of such corrections, as shown by various state- 
ments in his paper. 

The deductions of Gilbert are probably correct in the main. But a new 
investigation based on observed elevations of water surface corrected for 
wind effects and barometric effects would have greater accuracy and is 
desirable. Such a new investigation might be in part a recomputation 
from the data which were used by Gilbert. Much new data of a high degree 
of accuracy, in the form of observations made in the 24 years since Gilbert's 
paper was written, are also available. 
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Nodal lines and depths in Lake Erie; barometric pointe around the Great Lakes. 
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Rdation of barometric change to rise of water surface. See text under subheading, 
" Form of Observation Equations for Barometric Effects." 



Plate 4 




Fl©.3 Bottorinr^ Fl0.4^Fl6.5 

Wind efifeets, disturbed water surface, and currents. 



Plats 5 



N.L. 



Nodal lines 



MILWAUKEE 




Depths in fathoms. 



Nodal liiiflB and dapths in Lake Mirfiipin. 
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Plate 6 




Nodal lines 



Depths in fathoms 



HARBOR BEACH 



Nodal lines and depths in Lake Huron. 



Plate 7 




—————Rainfall + inflow — outflow 

-Observed Corrected for barometric 
and wind effects Record missing 



ESevatioiiB of water surface, Lake Erie, June 1-July 15, 1910. 



Plate 8 




Elevations of water siufaoe, Lake Erie, July 15-August 28, 1910. 



Flats 9 




— - • — Observed —-^*^ Corrected for barometric and wind effects 
Rainfall + inflow -outflow Record missing 

Elevations of water surface, Lake Erie, August 28-October 11, 1910. 



Plate 10 



O CT. 11.1910 OCT. 16 



OCT. 21 



OCT. 26 



OCT. 31 




Elevations of water surface, Lake Erie, October 11-31, 1910. 



Platb 11 




Corrected for barometric and wind effects — • — ^.— Observed 
Rainfall + inflow -outflow Record missing 

Elevations of water surface, Lake Michigan-Huron, June 1-July 15, 1911. 



Platb12 




Observed 

Corrected for barometric and wind effects 

Rainfall •♦• inflow - outflow 



ElevatioDS of water suiface, Lake Michigan-Huron, July 15-AugU8t 28, 1911. 



PLAnlS 




Elevatioiis of water surfaoe, Lake Blichigm-Huron, August 28-^tember 30, 1911. 



